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Ziegler, P.K., Bollrath, J., Pallangyo, C.K., Matsutani, T., Canli, Ö ., De Oliveira, T., Diamanti, M.A., Mü ller, N., Gamrekelashvili, J., Putoczki, T., et al. (2018) In the poem ''My Heart Leaps Up,'' Wordsworth implies that man is the product of his habits and behavior developed in childhood. This appears true for T cells as well, as revealed in this issue of Cell (Smith et al., 2018) reveal this. For decades, immunologists have sought explanations for the heterogeneous nature of effector T cell responses. Many experiments have focused on differences in T cell receptor affinity, precursor frequency, and the timing of antigen encounter to explain variation in the ensuing effector and memory populations. Smith et. al (2018) now show that developmental origin also plays a surprisingly large role in determining the phenotypic and functional characteristics of effector T cells and the memory cells they become.
The current study by Smith and colleagues introduces an elegant ''timestamp'' (ts) mouse model in which CD4 CreERT2 x ROSA Tomato fl-stop mice were treated with tamoxifen at either day 1 or day 28 of life (Smith et al., 2018) . This labeled two distinct ''waves'' of CD8+ T cells (one of fetal/neonatal origin and one of adult origin) as they went through development in the thymus (Figure 1 ). This approach was successful, because CD4
Cre is expressed only transiently during the double-positive stage of development of CD8+ T cells. Using this model, the authors studied 8-week-old animals and found that CD8+ T cells marked at day 1 versus day 28 of life differed in remarkable ways. Day 1 ts cells contained a much higher proportion of ''virtual memory'' (VM) cells (Smith et al., 2018) (Haluszczak et al., 2009) . It was previously shown that neonates have higher numbers of VM cells with enhanced functional properties (Akue et al., 2012) ; however, this was thought to be due to the lymphopenic environment present in neonatal mice. Smith et. al. (2018) here demonstratethrough experimental labeling of T cells from neonatal and adult thymi within the same adult mouse host-that increased VM cells are not simply a result of the peripheral environment but are a cellintrinsic property related to the developmental age of the T cells.
The authors additionally showed that day 1 ts T cells were more responsive to ''bystander'' inflammatory cytokines (IL-12 and IL-18) and T cell receptor stimulation (Smith et al., 2018) and tended to form increased memory populations of KLRG1+ long-lived effector cells (LLECs) following a response to infection. This is important because LLECs exert superior control over systemic bacterial and viral infections (Olson et al., 2013) . In contrast, day 28 ts T cells exhibited weaker responses to inflammatory cytokines and T cell receptor stimulation and tended to form larger proportions of central memory T cells. All of these characteristics were supported by RNA sequencing and ATAC sequencing analysis, which clearly showed differential gene expression and chromatin accessibility between day 1 and day 28 ts populations (Smith et al., 2018) , particularly highlighting that neonatal CD8+ T cells exhibit increased accessibility to transcription factors and functional molecules that favor effector cell differentiation (Chang et al., 2014) .
Overall, these data demonstrate that CD8+ T cells are ''imprinted'' differently during their time in the young versus adult thymus, and that cells produced early in life are uniquely poised to become robust effectors.
The model used by Smith et al. (2018) is not amenable to examination of CD4+ T cells due to their continued expression of CD4, but it can be used to study the ontogeny of any cell that expresses CD4 transiently during development in the thymus-for example, double-negative intraepithelial lymphocyte precursors (Ruscher et al., 2017) . However, a similar approach using TCRd CreERT2 mice could be used to track conventional and regulatory CD4+ T cell populations (Zhang et al., 2016) . Making use of CreERT2 transgenes that have more limited expression in double-positive thymocytes (e.g., RORgT) may further refine our ability to developmentally label T cells in the future. Why would the immune system create T cells with differing functional abilities and memory potential during the neonatal and adult periods? The data from the current report are consistent with a growing literature that suggests that there are developmental mechanisms (such as Lin28b in Wang et al., 2016 and absence of Tdt) that exist early in life. These mechanisms generate T cell responders with robust bystander function in the neonatal period, when the risk of damaging infection is particularly high as the immune system matures and builds its defenses. However, the current data also support the notion that vaccination or infection during the neonatal period may not be desirable to generate high numbers of long-lived central memory T cells. Furthermore, it will be critical to determine what fraction of the T cell repertoire consists of T cells that originated early in life and understand how this changes over a lifetime, as the waning of early-derived T cells may contribute to poor T cell responses in the elderly.
Several additional questions arise from this work. How does infectious history change the composition of the T cell 
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CreERT2 3 ROSA Tomato fl-stop mice were treated with tamoxifen at either day 1 or day 28 of life to induce a transient period of labeling. Analysis of CD8+ T cells later in life, and after infection, revealed key intrinsic differences in phenotype and function. Cells of neonatal origin had a distinct chromatin landscape, made stronger responses to inflammatory and antigenic stimulation, and were more prone to become KLRG1+ long-lived effector cells. In contrast, cells of adult origin displayed a more naive phenotype with weaker responses to inflammatory and antigenic stimuli and were more likely to become central memory T cells. It remains to be explored how differential ''imprinting'' may change over a lifetime and if microbial exposures during development impacts the long-term outcome for T cell differentiation.
pool? Microbial colonization during infancy plays a critical role in the education of many immune cell types. Furthermore, mice exposed to normal microbes tend to produce increased numbers of LLEC populations (Beura et al., 2016) , but whether developmental timing has an influence on this increase has yet to be determined. Additionally, are resident memory cells more likely to form from neonatal or adult precursors? Vaccination studies show that lung resident T cell populations form weakly in early life (Zens et al., 2017) , suggesting that adult mice may be the dominant source of resident memory T cells while early life is spent focused on the lymphoid compartment.
The evidence is considerable that the neonatal and infancy periods of life are a unique and critical time for many cells in the immune system. The current work demonstrates that developmental imprinting of the CD8+ T cell pool during this period has long-lasting effects on T cell responses in adult mice.
A new study combines detailed biochemical characterization with whole-animal genetics and computational transcriptome data mining to reveal how the LRRC33 milieu molecule imposes an exquisite level of spatial control on TGF-b signaling in the CNS.
A central goal in the cell-signaling field is to understand how a multitude of related ligands can achieve context-specific outcomes using just a few core signal transduction pathways. With its 33 mammalian ligands but more limited number of receptors and signal transduction components, the transforming growth factor b (TGF-b) superfamily exemplifies this conundrum (Weiss and Attisano, 2013) . Response to a given family member varies depending on the complement of transducing factors present in the responding cell and diverse modes of extracellular regulation of TGFb family ligands. Another avenue to confer specificity is for the producing cell to limit the availability of the ligand by packaging it in a locked state. TGF-b signaling in the brain illustrates the complexity problem. TGF-b signaling is important for normal brain homeostasis, plays roles in neuroimmune and damage responses, and has been implicated in degenerative conditions (Colonna and Butovsky, 2017).
Several cell types in the CNS-including microglia and astrocytes-produce TGFb ligands, and many cells-including microglia, astrocytes, neurons, and vascular cells-have the potential to receive these signals. How is signaling specificity achieved in this context? In this issue of Cell, Qin et al. (2018) uncover a mechanism where TGF-b1, produced by microglia, is under strict molecular control for localization, activation, and downstream signaling of the growth factor. This novel
